Abstract A survey to determine the prevalence of anthelmintic resistance in nematode parasites of sheep against the three main families of anthelmintics (benzimidazoles, macrocyclic lactones and imidazothiazoles) was carried out from January 1999 to December 2003 involving 85 flocks in Northwest (NW) Spain. In the study on prevalence of resistance to benzimidazoles, faecal egg count reduction test (FECRT) showed there was resistance in 8 (12.7%) flocks, 1 (1.6%) was suspected, and 54 (85.7%) were susceptible. The results indicated that 9 flocks (34.61%) showed resistance, 1 (3.85%) showed suspected resistance, and 16 (61.54%) were susceptible to the imidazothiazoles. Against macrocyclic lactones, resistance was observed in 8 flocks (15.69%), 4 (7.84%) showed suspected resistance and 39 (76.47%) were susceptible. None of the flocks used in the study showed resistance to the three families of anthelmintics. Nevertheless, six were recorded as resistant or suspected of being resistant to two of these families of anthelmintics. Egg hatch assay (EHA) and FECRT were carried out jointly on 61 flocks, although EHA was done on a total of 83 farms. The results showed that 15 (18.07%) of the 83 flocks were resistant, with egg death 50 over 0.1 μg/ml thiabendazole, and 68 (81.93%) were susceptible to benzimidazoles. When the results between FECRT and EHA were compared, both techniques showed good correlation in field studies. Faecal cultures performed pre-and post-treatment indicated that Teladorsagia and Trichostrongylus were the main genera.
Introduction
Anthelmintic resistance (AR) is probably an inevitable consequence of the use of anthelmintics, and the history of parasite resistance to anthelmintics starts with the first report on phenothiazine resistance in 1957. However, during the last few decades, trichostrongylid AR has been detected throughout the world and has become an important factor in limiting efficient production in many countries (Conder and Campbell 1995) . Large-scale studies have shown high flock prevalence in many Latin American countries, South Africa, Australia and New Zealand. The prevalence also varies according to the type of anthelmintic, the benzimidazoles, macrocyclic lactones and imidazothiazoles being the main families involved.
The detection of AR in flocks is of paramount importance due to the following: resistance develops slowly at first and then escalates to maximum levels relatively quickly, resistant strains seldom revert to susceptibility, resistance has spread despite the use of strategic drenching, and most of the AR detection methods have drawbacks either in terms of cost, applicability and interpretation or reproducibility of findings, which detect AR when a big proportion of parasites are already resistant (Jackson and Coop 2000) . It is therefore important that the efficacy of currently available broad-spectrum anthelmintics is maintained, that appropriate and reliable methods of monitoring the effectiveness of these compounds are developed and that the status of AR in a given area is known to establish general control measures.
In this sense, until the 1990s, the situation of AR in Spain has been poorly studied. The first report of AR was detected against netobimin in a flock of cashmere goats in Asturias (Northern Spain) (Requejo-Fernández et al. 1997) . Teladorsagia circumcinta was found to be the dominant species involved in netobimin resistance. Being an imported AR, this resistance was associated with livestock movement between Scotland and Spain. Therefore, animal movement has been suggested as one of the principal mechanisms of resistance propagation.
Although AR against netobimin was recorded, there is no existing evidence indicating the frequency of this phenomenon in sheep flocks in Spain. Hence, in this report, we show the results of a survey carried out in NW Spain to determine the prevalence of AR against the three main families of anthelmintics.
Materials and methods

Study sites and breeding management
The Castile and León Autonomous Region ("Comunidad de Castilla y León") is situated in NW Spain. The climate is mainly continental, characterised by the scarcity and irregularity of rain, dry, cold winds, as well as the long cold spells which determine extreme weather conditions, particularly in winter.
This region is the more extensive of Spain, and it has a total ovine population of 4,343,530. This represents 19.1% of the national census, which is the second largest in the European Union (EU). Forty-one (48.24%) of the 85 flocks studied were dairy, and 44 (51.76%) were for meat production. The main breeds used in dairy production were Churra, Assaf, Awasi and crosses of these three, whilst the most widespread breeds in meat production were Merino and crossbreeds (Merino × Berrinchon du Cher and Merino × Ile de France). The management systems were extensive (7.6 h grazing) on the meat-production farms and semi-extensive (6.4 h) on the dairy ones.
An important point, especially as regards resistance to anthelmintics, is the mean annual frequency of treatment. Of the flocks studied, 49.41% were treated an average of 1.5-2.5 times a year, 27.06% were treated between 2.5 and 3.5 times a year, and only 7.06% were treated more than 3.5 times a year. It had to be pointed out that 16.47% of the flocks were treated fewer than 1.5 times a year.
The main families of anthelmintics used between January 1999 and December 2003 were benzimidazoles (42%) and pro-benzimidazoles (12%), macrocyclic lactones (18%) and imidazothiazoles (12%).
Experiment design
The survey was carried out from January 1999 to December 2003 and involved 92 flocks in NW Spain. The flocks were selected randomly from the official list of flocks, stratifying by region.
In each flock, three or four groups of randomly selected sheep, each containing 15 animals, were used in the study. None of the tested animals received any anthelmintic treatment for at least 8 weeks prior to the start of the study. All the animals were individually identified and weighed before the treatment with albendazole (ABZ), levamisole (LEV) or ivermectin (IVM). One group of sheep was left untreated as a control. Individual faecal samples were taken from all the animals and processed for a faecal egg count reduction test (FECRT) using a modified McMaster technique [Ministry of Agriculture, Fisheries and Food (MAFF) 1986] 15 days after the administration of the anthelmintic.
Anthelmintics
Animals were treated with an anthelmintic according to the manufacturer's recommended dose. The anthelmintics tested and dosages used for each treatment group were Vermiprazol 2% (5 mg/kg bw ABZ; Laboratorios Hipra, S. A., Barcelona, Spain), Zodalben 2% (5 mg/kg bw ABZ; Laboratorios Calier S.A., Barcelona, Spain), Ivomec (0.2 mg/kg bw IVM; Merial Laboratorios S.A., Barcelona, Spain), Nilzan Plus (a combination of 7.5 mg/kg bw LEV and 15 mg/kg bw oxyclozanide; Schering-Plough, S.A., Madrid, Spain) and Endex (a combination of 7.5 mg/kg bw LEV and 10 mg/kg bw triclabendazole; Novartis, Barcelona, Spain).
Faecal egg count reduction test
Faeces were collected from the rectum of each animal on the day of treatment, and 14-15 days later, a second faecal sample was collected from each sheep. Individual faecal egg counts were determined by a modified McMaster technique (MAFF 1986 ) with a minimum sensitivity of 15 eggs per gram. Faecal egg count reductions were determined following the recommendations of the World Association for the Advancement of Veterinary Parasitology (WAAVP) (Coles et al. 1992 ) using the formula 100[1−(Xt/Xc)].
In this method, Xt and Xc are the arithmetic mean eggs per gram in the anthelmintic treatment (t) and control (c) groups, respectively, 2 weeks after treatment. If the FECR percentage of an anthelmintic treatment is less than 95% and the lower 95% confidence limit for the reduction is less than 90%, the flocks are considered resistant (Coles et al. 1992) . If only one of the two criteria is met, resistance is suspected.
Egg hatch assay
The in vitro egg hatch assay (EHA) (Hunt and Taylor 1989; Coles et al. 1992 ) for thiabendazole (TBZ) was used in this survey for the detection of benzimidazole resistance.
Faecal samples obtained from 15 animals were taken on day 0, anaerobically stored at room temperature and processed within 2 days. Then, nematode eggs were recovered from faeces by differential sieving (400, 150 and 64 μm) and collected on a 37-μm sieve followed by flotation in saturated saline solution. After washing several times in water, the concentration of eggs was adjusted to provide between 100 and 120 eggs/50 μl.
Strongyle eggs were incubated in seven final concentrations of TBZ from 0.01 to 0.7 μg/ml for 48 h at 22°C in 24 multiwell plates. Lugol's iodine was used to stop the assay and prevent further hatching of eggs.
Egg (dead and embryonated) and hatched larval counts were carried out through an inverted microscope (Olympus CK40).
Genera and species identification
Portions of individual faecal samples were pooled within treatment and control groups for faecal culture and the identification of third-stage larvae (L3) (MAFF 1986) . Results for each sample are expressed as the proportion of L3 of each genera and species in each culture.
Data analysis
An ED 50 (egg death 50-the concentration of anthelmintic required to kill 50% of the eggs) value in excess of 0.1 μg TBZ/ml was indicative of benzimidazole resistance. Logarithm of doses against percentage of hatched larvae-mean of two independent replicates (as probit transformation)-was plotted, and the ED 50 for TBZ was calculated after correcting for natural mortality (Sigma Plot 5.05, SPSS Inc.).
The relationships between FECRT and EHA were examined using coefficient of contingency between the FECR and ED 50 values obtained in each test (SAS, Statistical Analysis Systems Institute, 1990) .
Results
A total of 92 flocks of sheep randomly distributed through the four natural regions of León province were sampled in 1999-2002. Only 85 of those could be included in the AR study because the number of eggs per gram of faeces in seven of them was too low to perform the different in vivo and in vitro tests.
The main genera and species of gastro-intestinal nematodes identified in the pretreatment faecal culture in smallruminant flocks were Teladorsagia circumcincta (48.04%), Trichostrongylus spp. (42.37%), Chabertia ovina (5.24%), Nematodirus spp. (3.20%) and others (1.15%).
Benzimidazoles
In the study on resistance to benzimidazoles, FECRT and EHA were employed. FECRT was carried out on 63 of the 85 flocks used because on 17 farms, the mean eggs per gram of faeces on day 0 was below 150, and there was no suspicion of resistance against benzimidazoles in 5 flocks. Of the 63 flocks, 8 (12.7%) showed resistance, 1 (1.6%) showed suspected resistance, and 54 (85.7%) were susceptible to the benzimidazoles (Table 1 ). The main genera of gastro-intestinal nematodes observed in the faecal culture after ABZ treatment are shown in Table 2 .
EHA was performed on the 17 farms where the mean eggs per gram of faeces was below 150 and on the 5 farms not suspected of resistance to benzimidazoles. That is, both techniques were carried out jointly on 61 flocks, although EHA was done on a total of 83 farms. However, in two flocks where FECRT was performed, no result was obtained on the EHA. As a result 15 (18.07%) of the 83 flocks were resistant, with ED 50 over 0.1 μg/ml TBZ, and 68 (81.93%) were susceptible to benzimidazoles. When the results between FECRT and EHA (Table 3) were compared, there was a coefficient of contingency of 0.606.
Macrocyclic lactones
FECRT was performed on 51 of the 85 flocks used in the AR study because the mean eggs per gram faeces on 17 farms was below 150 on day 0, and another 17 flocks were not suspected of resistance to the macrocyclic lactones because drugs belonging to this family of anthelmintics had not been used previously. In this study, resistance was observed in 8 (15.69%) of the 51 flocks, 4 (7.84%) showed suspected resistance and 39 (76.47%) were susceptible to the macrocyclic lactones ( Table 1 ). The main genera and species observed in the post-treatment coproculture with IVM appear in Table 2 .
Imidazothiazoles
The study of prevalence of resistance to imidazothiazoles FECRT was carried out on 26 sheep farms; the mean eggs per gram faeces in 17 flocks was below 150 on day 0. Finally, in 42 sheep farms, there was no suspicion of resistance to the imidazothiazoles because farmers had not used these anthelmintics. FECRT showed there was resistance in 9 flocks (34.61%), 1 (3.85%) was suspected and 16 (61.54%) were susceptible ( Table 1) . As in the case of the other two families of anthelmintics, the posttreatment faecal culture results appear in Table 2 .
Multiple AR None of the 85 flocks used in the study showed resistance to the three main families of broad-spectrum anthelmintics. Nevertheless, six were recorded as resistant or suspected of being resistant to two of these families of anthelmintics (Table 4 ). The main species identified in the pre-and posttreatment faecal culture are shown in Tables 5 and 6 . 
Discussion
This study gives the results of research developed under field conditions to determine the prevalence of AR to benzimidazoles, macrocyclic lactones and imidazothiazoles. In spite of the fact that benzimidazoles are the most widely used anthelmintics, when the prevalence of resistance to them is compared to other countries or continents, prevalence is seen to be lower in most cases. A good example of this is the prevalence in South America, where resistance to benzimidazoles varies between 40% in Argentina (Eddi et al. 1996) and 90% in Brazil (Echevarria et al. 1996) , having reached the end of its useful life on many farms. A high level of resistance to benzimidazoles has also been described in the USA (Uhlinger et al. 1992; Terrill et al. 2001) , reaching values comparable to those of other countries, like the UK (Waller 1997) , in some areas. Other studies have recorded high levels of resistance, basically to benzimidazoles, in Malaysia (Chandrawathani et al. 1999 ), on the island of Fuji (Waller 1997 ) and in India (Laha et al. 1999; Swarnkar et al. 2001) . In Australia, 80% of flocks show resistance to benzimidazoles; in New Zealand, the problem is not so serious, but it affects 60% of farms. In all these cases resistance was mainly observed in Teladorsagia, Trichostrongylus spp. and (in contrast to) in Haemonchus contortus.
These differences in prevalence are due to the variations existing in animal handling, above all when compared with areas whose climatic characteristics and other particularities mean that a number of treatments, which may exceed six per year, must be carried out.
Torres-Acosta et al. (2003) performed FECRT on 38 flocks of sheep in México and observed that 15.8% were resistant to the benzimidazoles and 23.7% were suspected. Prevalence of resistance is similar to that observed in NW Spain, although the percentage of suspect flocks is higher.
However, when our results are compared with the prevalence of resistance in the EU, the differences are less marked. The percentage of sheep farms with resistance to the benzimidazoles in Scotland (Mitchell et al. 1991 ) and the east of England (Hong et al. 1996 ) is around 14%. But in more recent studies the percentage of flocks resistant to benzimidazoles in Scotland is around 64% (Bartley et al. 2003) . In other areas, like southwest England, this type of resistance can affect 47% of flocks (Hong et al. 1996; Coles 1997) , with this percentage being much higher than that observed in this study. In spite of those differences in both the UK and in NW Spain, the most prevalent species resistant to benzimidazoles described in sheep was T. circumcincta.
In the other EU countries information on AR is very scarce, making it difficult to establish a comparison. Nevertheless, some studies have been carried out in France, Holland, Denmark and Greece. For example, in France, Chartier et al. (2001) observed a high prevalence of resistance to benzimidazoles in Trichostrongylus spp., a medium one in H. contortus and a low one in T. circumcincta. In NW Spain, our results indicate that resistance was more frequent in T. circumcincta and Trichostrongylus spp. (Table 2 ). According to Borgsteede et al. (1997) , in Holland, when using FECRT, resistance to benzimidazoles affected 84% of the sheep farms used in the 
study, whilst prevalence reached 94% with EHA. Regardless of these data, the species implicated were H. contortus, Cooperia curticei, Ostertagia spp. and Trichostrongylus spp. In Denmark resistance to benzimidazoles in goats was observed in 9 of the 15 flocks sampled by FECRT and EHA (Maingi et al. 1996) , affecting the same species (T. circumcincta and Trichostrongylus spp.) both before and after treatment as in this study. However, in Greece (Papadopoulos et al. 2001) , the prevalence of resistance to benzimidazoles is lower than that recorded in NW Spain because no cases of resistance were observed after performing FECRT, and only 4.81% of the flocks were resistant when using EHA.
Comparing the results between FECRT and EHA tells us that both techniques show good correlation in field studies. These results are similar to those observed by Varady et al. (1995) , although other authors have obtained less conclusive results (Craven et al. 1999; Samson-Himmelstjerna et al. 2002) . All of these, together with the fact that EHA is a cheaper and faster method than FECRT, make EHA an ideal technique for routine diagnosis or following-up AR against benzimidazoles in field studies.
Macrocyclic lactones represent only the 18% of the anthelmintics used in NW Spain; however, the prevalence of resistance was higher than that against benzimidazoles. Although there is not a single factor which justifies these differences, the mechanism of resistance and intensification of the farms, which implies an increased number of treatments with macrocyclic lactones amongst other anthelmintics, are probably some of the factors which could have been deciding ones.
In any case, the prevalence of resistance to macrocyclic lactones is lower than in other countries or continents. In Paraguay, for example, the resistance to macrocyclic lactones affects 73% of sheep farms (Maciel et al. 1996) ; in South Africa, levels of resistance (with particular significance in H. contortus) higher than those obtained in our study have also been recorded (Van Wyk et al. 1999) . However, our results show that the prevalence in NW Spain is greater than in other areas like Brazil (13%), Argentina (6%), Uruguay (1.2%) and Scotland (no cases) (Echevarria et al. 1996; Eddi et al. 1996; Nari et al. 1996; Bartley et al. 2003) .
It is difficult to establish a comparison with other countries because studies of prevalence of resistance to macrocyclic lactones have not been carried out, and the only information available is based on specific studies on a particular farm. For example, in New Zealand, the species involved were T. circumcincta and T. colubriformis, and in Australia and the UK, T. circumcincta (Conder and Campbell 1995) . Although the resistance to benzimidazoles in general is more significant, the problems of resistance to IVM in Australia are becoming more and more prevalent (Waller 1997) .
The prevalence of resistance to the macrocyclic lactones in NW Spain is very high when compared with most countries where this type of resistance has been described, so it should be taken into account before starting to deworm. For this, a correct anamnesis would be recommendable because in many cases, they are also used in the treatment of other parasite infections frequently occurring in León province, like those produced by Sarcoptes spp., Oestrus ovis, etc.
Regarding the imidazothiazoles, the prevalence of resistance in León province is very high if compared with most countries where it has been described. No generalizations can be made in comparison with the situation of other countries, for example, in Brazil, in Uruguay and in Paraguay, the resistance affects 84, 70 and 68% of the sheep flocks, respectively (Echevarria et al. 1996; Nari et al. 1996; Maciel et al. 1996) . In contrast, on the isle of Fuji, in Argentina and in France, the values are lower than those that we obtained in NW Spain at around 30, 22 and 11%, respectively (Waller 1997; Eddi et al. 1996; Chartier et al. 2001) . In all cases, the least resistant species to the imidazothiazoles was H. contortus, with T. circumcincta and Trichostrongylus spp. predominating as in NW Spain.
In other countries studies on prevalence of resistance to imidazothiazoles have only been carried out on specific farms. It should be mentioned that in Australia there are four complaints of resistance by T. circumcincta and another four by T. colubriformis (Conder and Campbell 1995) .
Therefore, the prevalence values observed in this study, in spite of the fact that it is not the anthelmintic family most widely used in NW Spain-12% of treatments-should make one reconsider using these anti-parasitics routinely on Table 6 Main genera and species of gastro-intestinal nematodes observed in the post-treatment coproculture in six small-ruminant flocks where simultaneous resistance or suspected resistance to two families of anthelmintics was observed Post-treatment coproculture (%) sheep farms. In many flocks this group is used together with fasciolicides, which results in a substantial increase in the number of treatments on farms where both parasitoses coexist. In contrast to other countries or continents, where many of the anthelmintics have reached the end of their useful life, thus seriously jeopardising a profitable product, in our study, we have only found simultaneous resistance or suspected resistance to two families of anthelmintics in six flocks. Nevertheless, these results, together with the prevalence data observed for each family of anthelmintics, demonstrate the existence of a problem whose true extent is yet to be determined in most of Spain.
Bearing in mind that there is not one single factor which favours the appearance and development of AR, the first step in preventing its development is that farmers and vets should start to consider AR as a serious problem which is becoming more and more widespread. To prevent resistance from reaching the same magnitude as in other countries, trichostrongylosis and AR should not be diagnosed separately. That is, routine diagnosis of trichostrongylosis should be complemented by methods of resistance detection. In addition, there should be an integrated control of trichostrongylosis and AR with not only the administration of anthelmintic treatment but also consideration of the epidemiological and handling aspects.
